Low spurious charge pump 



The present invention relates to a low spurious charge pump 
for low phase noise phase locked loops (PLL). Such a charge pump can 
be used in analog PLL design, solid state circuits, ASIC, integrated 
circuits, etc. 

IEEE paper " A 1 .4gHz Differential Low noise CMOS Frequency 
Synthesiser using a wideband PLL architecture" from the authors Li Lin et 
al. published at the 2000 IEEE International Solid State Circuits 
conference describes PLL charge pumps which are built around a simple 
cascoded current source. Such a PLL charge pump is schematically 
shown in appended figure 1 . Any variation of the voltage of the drain 
node Al or Bl of the current source transistor M10 or M20 due to a 
variation of the output voltage is limited by the cascode transistor M40 
or M60. A switch transistor M30, M50 placed in parallel with a cascode 
transistor, respectively M40, M60 is deviating or not the current pumped 
by Ml 0 or injected by M20 according to the control signal. 

This method allows to control that the current of M10 or M20 
is well pumped from or injected to the output node or not. Despite the 
presence of the cascode transistors M40, M60, this pumping or injection 
of will induce a change on the voltage on the node Al or Bl . This will 
generate some voltage transients on the node and consequently 
spurious on the output current. 



The low spurious charge pump is a pump of a specific 
structure for reducing current spurious on the output node. 

The phase locked loop charge pump of the invention is a 
pump comprising a drain node and at least a cascode transistor for 
limiting the variation of the voltage of said drain node, said charge 
pump being characterised in that an intermediate switch transistor is 
placed between the drain node and the cascode transistor. 

Advantageously, the charge pump comprises a first node, a 
second node, a branch connecting the first node with the second node, 
said branch comprising a first cascode transistor and a second cascode 
transistor, a first switch transistor placed in parallel to the first cascode 
transistor, and a second switch transistor placed in parallel to the 
second cascode transistor. At least an intermediate switch transistor is 
placed between the drain node and a cascode transistor, in parallel to 
the first switch transistor or to the second switch transistor. 

The presence of the said intermediate switch transistors and 
the said switch transistors placed in parallel with the cascode transistor 
(main switch transistors) advantageously lowers the spurious on the 
output current at the transition of the control signal. The intermediate 
switches and the main switches are advantageously controlled in a 
complementary way, so that the charges released by the switches 
opened at one transition of the control signal are pumped by the 
corresponding complementary switches at the same time. 



Preferably, the charge pump comprises two intermediate 
switch transistors, a first intermediate transistor being placed between 
the first node and the first cascode transistor, said first intermediate 
transistor being placed in parallel to the first switch transistor, while the 
second intermediate switch transistor being placed between the second 
node and the second cascode transistor, said second intermediate 
transistor being placed in parallel to the second switch transistor. 

According to an embodiment, the first switch transistor in 
parallel to the first cascode transistor and/or the second switch 
transistor in parallel to the second cascode transistor is connected to a 
further cascode transistor in parallel to the first and/or second cascode 
transistor. 

Preferably, the first switch transistor (in parallel to the first 
cascode transistor) and a further cascode transistor form a dummy 
branch in parallel to the first cascode transistor and the first 
intermediate (switch) transistor, said dummy branch having connections 
so as to be controlled by the complement signal of the signal controlling 
the first intermediate switch transistor and/or the second switch 
transistor (in parallel to the second cascode transistor) and a further 
cascode transistor form a dummy branch in parallel to the second 
cascode transistor and the second intermediate transistor, said dummy 
branch having connections so as to be controlled by the complement 
signal of the signal controlling the second intermediate switch 
transistor. 



The invention relates also to electronic and/or integrated 
circuits comprising a charge pump according to the invention. For 
example, the invention relates to a current source elementary cell. The 
charge pump of the invention can be realised on a support, such as a 
silicon support, a silicon surface, etc. 

Details and characteristics of the invention will appear from 
the following description in which reference is made to the attached 
drawings, wherein: Figure 1 is a schematic view of a known PLL 
charge pump, and 

Figure 2 is a schematic view of a PLL charge pump of the 
invention. 

The charge pump elementary current source cell of figure 2, 
shown as example only, has a specific structure that reduces the 
artifacts of the charge injections and clock feedthrough. This improves 
the phase noise of the phase locked loop (PLL) where this charge pump 
structure is used. Simulations and measurements demonstrate the 
effective benefit of this structure. 

The charge injection and the clock feedthrough are effectively 
reduced by the use of a specific switched cascode structure shown in 
figure 2. 

The cell of figure 2 comprises: 

- a drain node A with a current source transistor Ml , 

- a drain node B with a current source transistor M2, 



- a branch connecting the node A to the node B, said branch 
comprising a first cascode transistor M4 and a second cascode 
transistor M6, a first intermediate switch transistor M3 being placed 
between the cascode transistor M4 and the current source transistor 
Ml, while a second intermediate switch transistor M5 is placed 
between the current source transistor M2 and the cascode transistor 
M6, 

- a first dummy branch parallel to the first cascode transistor M4 and 
the first intermediate transistor M3, said dummy branch having a 
dummy cascode transistor M4' and a dummy switch transistor M3', 
said carefully matched dummy output branch being controlled by the 
complement of the down control signal on the transistor M3, 

- a second dummy branch parallel to the second cascode transistor M6 
and the second intermediate transistor M5, said dummy branch 
having a dummy cascode transistor M6' and a dummy switch 
transistor M5\ said carefully matched dummy output branch being 
controlled by the complement of the up control signal on the 
transistor M5. 

By using this structure, it is possible to make the bias 
conditions of the current source independent from the control signals 
(UP and DOWN), which avoids any problem of recovery time. 

Moreover, the dummy switch M3' pumps the charges released 
by the main switch (intermediate switch) M3 at the transition of the 
control signal. This lowers the amount of charges injected into the 



output node, as the dummy switch reduces the impedance of the current 
source drain node A relatively to the cascode transistor source M4 for 
the time of the control signal transition. 

Dummy cascode transistor M4' avoids that the voltage of the node A is 
5 varying when the control signal is changing the path of the current 
pumped by the current source transistor Ml . When the control signal 
DOWN is low, the current pumped by the current source Ml is deviated 
from the dummy branch. In this configuration, the cascode transistor 
M4' is taking over the voltage drop between the power supply node and 

10 the dummy switch M3\ When the control signal DOWN is high, the 

current pumped by the current source Ml is deviated from the output. 
The cascode transistor M4 is then taking over the voltage drop between 
the output node and the switch transistor M3. By symmetry between the 
dummy branch M3', M4' and the output branch M3, M4, the voltage drop 

15 on 

the cascode transistors M4 and M4' is such that the potential of the 
node A is not changing at any time. Consequently, the bias condition of 
the current source Ml is not depending on the control signal. This avoid 
variation and spurious on the current pumped by Ml . 
20 The dummy switch M5' releases charges which are pumped by 

the main transistor (intermediate switch transistor) M5 at the transition 
of the control signal. Said dummy switch M5' reduces also the 
impedance of the current source drain node B relatively to the cascode 
transistor source M6 for the time of the control signal transition. 



Dummy cascode transistor M6* avoids that the voltage of the 
node B is varying when the control signal is changing the path of the 
current injected by the current source transistor M2. When the control 
signal UP is low, the current injected by the current source M2 is flowing 
to the dummy branch. In this configuration, the cascode transistor M6' is 
taking over the voltage drop between the dummy switch M5' and the 
ground. When the control signal UP is high, the current injected by the 
current source M2 is deviated from the output. The cascode transistor 
M6 is then taking over the voltage drop between the switch transistor 
M5 and the output node. By symmetry between the dummy branch M5', 
M6' and the output branch M5, M6, the voltage drop on the cascode 
transistors M6 and M6' is such that the potential of the node B is not 
changing at anytime. Consequently, the bias condition of the current 
source M2 is not depending on the control signal. This avoid variation 
and spurious on the current pumped by M2. 

Main advantages of the use of dummy branches and the use of 
(intermediate) switch transistors inside the cascode structure of fig 2 
are: 

- better control of the charge injections ; 

- no channel recovery problem ; 

- improved phase noise (far less phase noise on the PLL) ; 

- keep current constant ; 

- emulate load ; 



look for symmetry on the circuit and a better control of the 
impedance at the critical nodes ; 

- Said advantages are obtained with a power-consumption equal 
higher than that of the PLL of figure 1 . 



